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It was  shown in the preceding paper  that populations of mice differ pro- 
foundly with regard to their fecal bacterial flora. (1) The experiments now to 
be described reveal that certain nutritional factors modify the composition of 
this flora and also have a marked effect on resistance to experimental bacterial 
infections. 
Materials  and  Methods 
Details concerning the NCS and CFW mice used in this study, and the methods for ob- 
taining stool cultures from them, have been presented in the preceding paper. (1) 
Four types of diet were used: 
(a)  The commercially available D & G diet (distributed by Dietrich and Gambrill, Fred- 
erick, Maryland). 
(b) The Sherman diet consisting of 33 per cent whole milk, 66 per cent whole wheat flour, 
and 1 per cent NaC1. In more recent experiments we have used a modification of the Sherman 
diet available commercially, namely, the Old Guilford diet  (O.G.) which consists of ground 
whole wheat, dehulled soy bean meal, dried skim milk; corn oil, dried brewers' yeast, vitamins 
A and D, ferric citrate, and salt (distributed by The Emory Morse Co., Guilford, Connecticut). 
(c) The 15C diet which is a complete semi-synthetic diet containing 15 per cent casein 
(described in reference 2). 
(d)  The 15G diet which has the same composition as the 15C diet except that the casein 
is replaced by wheat gluten. (2) 
In earlier studies the Sherman, 15C and 15G diets, as prepared in our laboratory,  were 
heated at 60-70°C before use; in more recent studies these diets have been prepared without 
heating. 
Food was given ad lib., as well as water. The drinking water was acidified with HCI to 
pH 2.8 in order to prevent microbial proliferation. 
Experimental  infections  were carried  out  with  Staphylococcus aureus (strain  Giorgio) 
(0.05 hal) and Klebsiella pneurnoniae (type C) (0.004 ml). The cultures were incubated over- 
night in meat infusion peptone broth and the appropriate dilutions were injected intravenously 
in a final volume of 0.2 ml. 
RESULTS 
1.  The Effect of Diet on the Number of Living Lactobacilli in the Stools.- 
Male NCS mice, 4 weeks old, were placed in individual cages on grids. They received 
throughout  the duration of the experiment the diets listed in Table I. The numbers and 
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types of lactobacilli recovered from the stools at different intervals of time are recorded in 
Table I for each individual animal. 
As seen in Table I, the numbers of lactobacillus colonies recovered from the 
stools were much larger in mice receiving either the O.G. or D  & G pellets than 
in mice fed the casein (15C) semi-synthetic diet. Particularly striking was the 
fact that hardly any rhizoid (Rhiz) colonies of lactobacilli were recovered from 
TABLE I 
Effect of Diet on the LaaobaciUus  Flora of NCS Mice 
Diet  Mouse  No. 
D&G  1 
2 
3 
4 
5 
O.G.  6 
7 
8 
9 
10 
15C  11 
12 
13 
14 
15 
* Figures to be multi 
Rhia~ 
3 
2 
0 
0.5 
30 
1 
50 
0 
15 
30 
Others 
Lactobacilli* at indicated  times on diets 
Others 
19 days 
Rhiz 
5 days 
16 
30 
45 
15 
15 
30 
6 
15 
6 
6 
4 
0.6 
15 
7 
30 
30 
0.4 
0 
0 
3 
5 
0.3 
0 
0.7 
15 
0 
0 
0 
0 
0.3 
13 days 
20 
30 
30 
30 
45 
3 
30 
15 
30 
16 
0.2 
3 
15 
6 
7 
Rhiz  Others 
0.3  35 
3  3O 
0.5  30 
2  3O 
30  4 
0.2  35 
3  45 
0  9 
6  20 
0.8  20 
0  2 
0  4 
0  1 
0  2 
0  13 
,lied by 3 X 107 to give number of colonies per gm of stool. 
~: The symbol Rhiz stands for rhizoid morphological type of lactobacillus colony; all other 
colonial types of lactobacillus are grouped under "Others." 
mice fed the latter diet (1) (Figs. 1 to 4). Results very similar to those obtained 
with D  & G and O.G. pellets were obtained with certain other kinds of commer- 
cial pellets and also with Sherman diet (whole wheat and whole milk). On the 
other hand, the gluten diet (15G) and a  variety of other semi-synthetic diets 
gave results similar to those obtained with the casein diet  (15C). It is worth 
noting that the decrease in the lactobacillus flora became noticeable within a 
very few days after the animals had been shifted to the semi-synthetic diets and 
the change became even more striking with time. 
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ments carried out during the past year. It must be emphasized however, that 
while the dietary effects on the lactobacillus flora were constant for each dietary 
group taken as a  whole, individual  animals commonly failed to respond in  a 
typical manner. In Table I, for example, mice Nos. 3 and 8, fed respectively D 
& G and O.G. pellets, yielded so few colonies of lactobacilli of the rhizoid type 
that these could not be detected at the dilutions used.  Approximately 10 per 
cent of mice failed to yield significant numbers of this type of organism even 
under  the  most favorable conditions.  On  the  other  hand,  mice  hardly  ever 
yielded any rhizoid colonies after they had been kept on the semi-synthetic diet 
(casein or gluten) for 1 to 2 weeks. 
2.  Duration of the Dietary Effect on the Lactobacillus Flora.- 
Male NCS mice, 4 weeks old, were placed in individual cages on wire grids. They were fed 
ad lib. D & G, 15C or 15G diet. Water acidified to pH 2.8 was also given ad lib. The numbers 
and type of bacterial colonies recovered from the  stools of individual mice, 1, 2, 3, 5,  and 
7 weeks after the beginning of the experiment are given in Table II a. 
In another experiment, the animals were kept in groups of 5 on autoclaved wood shavings 
as litter.  It is worth mentioning that the litter was changed only once weekly and therefore 
became heavily soiled with urine, feces, and food residue most of the time. The animals were 
removed from their cages only for the time of stool collection, approximately once a week. 
The number of lactobaeilli recovered from the stools are given in Table II b. 
As seen from the results in Tables II a and II b, the lactobacillus flora of the 
stools remained characteristic  of the  dietary regimen for the duration  of the 
experiment,  almost two months in  both cases.  Mice fed the  casein or gluten 
diet consistently yielded smaller numbers of lactobacilli than did the animals 
fed the D  & G pellets, and furthermore,  their stools did not yield colonies of 
the rhizoid type after the 2nd week. It is worth noting that the animals main- 
tained  in groups of 5  on litter of wood shavings (changed only once  weekly) 
behaved in this respect like those kept in individual cages on wire grids where 
neither feces, urine, or food could accumulate.  Even more striking was the fact 
that the stools of mice fed the casein diet,  and maintained in groups on wet and 
soiled wood shavings, yielded only a few Gram-negative bacilli and enterococci. 
Stained preparations of the homogenates of stools  revealed the presence of 
large Gram-positive bacilli (probably lactobacilli) in mice fed  the D  & G diet, 
whereas the bacterial population in the stools of mice fed the casein or gluten 
diets  was  almost  entirely  Gram-negative. Large  numbers  of  Gram-negative 
bacillary and fusiform bacteria were seen in the stools of all animals. However, 
cultures  on a  variety of media under both aerobic  and  anaerobic conditions, 
failed to give a  complete account of them at high dilutions.  It would appear 
therefore that a  large percentage of the bacterial mass in the intestine is made 
up of organisms which either have lost their viability or require growth factors 
which have not been supplied in the present study. 
The  possibility must  be mentioned  here that  the larger  numbers  of  lacto- TABLE  II  a 
Duration  of the Effect  of Diet on the Fecal Flora oJ NCS Mice 
(Animals in individual cages on wire grids). 
Diet 
D&G 
15C 
15G 
Weeks 
on diet  Weight:~ gain 
0.6 
2.4 
4.3 
0.4 
2.1 
4.1 
0.1 
0.5 
1.2 
Number of colonies* per gm of stool 
Lactobacilli 
Rhiz  /  Others 
10  30 
20  30 
10  20 
5  25 
10  30 
1.5 
1  3 
1.5  1.5 
0  1 
0  5 
1.2  10 
0  5 
0  3 
0  4 
0  5 
Enterococci 
2 
0.1 
0.1 
0.1 
0.1 
4 
2 
<0.1 
2 
1 
*(0.1 
0.1 
SLF§ 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
E. coil, 
Pseudom., 
Prot. 
* Figures to be multiplied by l0  T to give average numbers of colonies recovered per 
stool. 
:~ Average weight gain, in gm per mouse, at indicated times. 
§ Coliforms, slow lactose fermenters. 
TABLE  IIb 
Duration of the Effect  of Diet on the Fecal Flora of NCS Mice 
(Animals kept in groups of 5 on wood shavings, litter changed only once weekly). 
gm  of 
Diet 
D&G 
15C 
Weeks on diet 
Lactobacilli* 
Rhiz  Others 
30 
50 
20 
Gram-negative bacilli 
20 
10 
30 
<I 
<I 
<i 
SLF~:  Others 
< .01  0 
<  .01  0 
* Figures multiplied by 3  X  10  ~ give average numbers of colonies  recovered per gm of 
stool; figure 0 indicates that E. coli, Proteus,  and Pseudomonas  were not recovered at  any of 
the dilutions tested. 
:~ Coliform, slow lactose fermenters. 
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bacilli found by culture in the stools of mice fed the D  & G or Sherman types 
diet was due, not to a greater multiplication  of these organisms in the intestinal 
tract,  but to the fact that such diets provided more favorable conditions for 
their survival than did the casein and gluten diets. As is well known, lactobacilli 
are fastidious organisms which die rapidly in vitro, especially if the medium is 
slightly alkaline. 
Incomplae Reversibility of the Effect of Diet on the Lactobacillus Flora in. 
Group I  Group_II 
Day  [  Lactobac.~  [ 
0 to 12 
12 to 25 
25 to 31 
31 to 45 
45 to 60 
TABLE III 
}lae Reversibilit  ~f the Effect  ~  Diet on the Lactobacillus Flora in NCS Mice 
Diet 
~c 
Weigh : 
gain* 
3.0 
2.1 
1.3 
1.3 
1.5 
Rhiz  Others 
0  5 
0  3 
o  ]  2 
0  I  4 
0  1.5 
Diet 
15C 
D&G 
cg 
[  LactobacA; 
Weight  ~ain.  --  -- 
__  __.  Rhiz  Othe...___rs 
4.(  I  0  5 
1.',  [  0  2 
1.',  [  0  100 
1.',  [  0.1  10 
1.i  [  0  9 
Day 
0 to 12 
12 to 25 
25 to 31 
31 to 45 
45 to 60 
Group III  Group IV 
Lactobac.$ 
Diet  Weigh '. 
gain* 
Rhiz  Others 
D  &G  6.7  5  10 
15C  0.6  0  3 
D & G  1.7  0.1  l0 
"  1.7  0  8 
"  !.2  0  9 
Diet 
D&G 
* Average weight gain in gm per mouse for period indicated. 
Figures multiplied by 3  X 
Figure 0 indicates less than 0.1. 
Laetobac.$ 
Weight  gaiv 
Rhiz  Others 
5.7  3  10 
1.6  10  10 
1.6  10  20 
0.4  7  15 
0.7  8  12 
10' give numbers of colonies recovered per  gm  of  stool. 
3.  Reversibility of the Effect of Diet on the Lactobadllus Flora in NCS Mice.- 
Male NCS mice, 4 weeks old, were placed in individual cages and fed either D & G pellets 
or 15C diet. Some of the animals were then changed from one diet to the other, according to 
the schedule indicated in Table III. The numbers and types of lactobacflli in the stools were 
determined at different intervals  of time and are recorded as averages for 5 mice of each 
group. 
In confirmation of the results of earlier experiments (see Table I), the stools 
of mice fed the casein (15C) diet yielded far fewer lactobacillus colonies, espe- 
cially those of the rhizoid type, than did mice fed D  &  G  peUets.  (Compare 1166  DIET,  INTESTINAL  :FLORA,  AND  RESISTANCE 
groups I  and IV in Table III). The total population of  lactobacilli  increased 
rapidly when the animals were shifted from the casein to the D  & G diet  (see 
groups II and III in Table III). Surprisingly enough, however, the number of 
rhizoid colonies failed to return  to their original level. This was true even for 
the mice which had been kept on the casein diet for only 12 days before being 
shifted back to the D  & G diet (group III in Table III). 
4.  Effect of Heating the Diet on the Lactobacillus  Flora of NCS Mice.- 
In the early parts of the present study the preparation of the casein  (15C) 
and gluten (15G) diets involved heating of the dietary mixture at approximately 
TABLE  IV 
Effect of Heo)3ng the Casein Diet on the Lactobacillus Flora of the Stools 
Diet 
15C unheated 
15C heated 
D&G 
Days on diet 
3 
7 
19 
3 
7 
19 
3 
7 
19 
Weight Gain* 
3.9 
3.0 
5.0 
Rhiz 
0.4 
0 
0 
0 
0 
o  I 
l 
I 
t 
1 
Lactobacilli~: 
Others 
30 
12 
22 
16 
4 
8 
50 
50 
50 
* The figures  indicate the weight gain in gin per mouse (average for 5 mice). 
Figures multiplied by 3 X  l0  s give approximate numbers of colonies recovered per gm 
of stool; averages for 5 mice. Figure 0 indicates less than 0.1. 
60-70°C for 24 hours.  When a  new  technique  of preparation without heating 
was introduced in more recent experiments comparative tests were carried out 
to determine the effect of heating the diet on the lactobacillus flora of the stools. 
Table IV gives in a summary form some of the results obtained in one particular 
experiment in which diet  15C heated  and unheated  was compared with D  & 
G diet. 
In general, heating the casein diet resulted in a  somewhat more pronounced 
decrease in the numbers of lactobacilli in the stools as illustrated in Table IV. 
The  differences  however,  were  rather  small  and  indeed  at  times  doubtful. 
Whether the casein diet was heated or not, it brought about, within a few days 
a  marked change in the bacterial flora of the stools as compared with animals 
fed the D  & G diet; the total numbers of lactobacilti decreased and in particular 
the rhizoid type of lactobacilli disappeared almost completely. R. J. DUBOS  AND  R. W. SCHAEDLER  1167 
Heating the D  & G diet had no affect on the lactobacillus flora of the stools. 
As this aspect of the study is part of a more comprehensive analysis aimed at 
identifying the dietary components which affect the composition of the intesti- 
nal flora (carried out in association with Dr. R. Costello), further details con- 
cerning it will be reported in a subsequent paper. 
5.  Diet and Resistance to Infection.--At the conclusion of most of the experi- 
ments carried out primarily to determine the effect of the dietary regimen on the 
bacterial flora of the stools, the animals were infected with either Staphylococcus 
aureus or Klebsiella pneumoniae.  These infection tests consistently showed that 
mice fed the D  & G pellets or the whole wheat diets (either Sherman or O.G. 
pellets) were much more resistant to these experimental infections than were 
animals fed either the casein (15C), gluten (15G), or other semi-synthetic diets. 
While it would not be practical nor useful to report here the details of all these 
tests, it seems worthwhile to present in a summary form the results of a few of 
them (Table V) 
The results summarized in Table V illustrate once more that the ability of a 
diet to insure weight gain of the animals is no measure of its ability to provide 
resistance to infection (2). It was noticed that mice fed the casein (15C) diet 
eventually gained  approximately  the  same  weight as did  those fed D  &  G 
pellets (although somewhat less rapidly) and more than those fed gluten (15G) 
diet. Yet the pellet groups proved to be in all cases much more resistant to 
infection than the other two groups which in contrast could hardly be differ- 
entiated in this regard one from the other. 
It must be acknowledged here that some of the infection tests in the present 
study have given results which are somewhat at variance with earlier findings 
from this laboratory. In the earlier studies it was found that mice fed the gluten 
diet  (15G)  were more susceptible to infection than mice fed the casein diet 
(15C) (2), whereas there was no significant difference between these two groups 
in the present study. This discrepancy might be due to the fact that the earlier 
experiments had been carried out with  ordinary Swiss  mice, while  the  test 
reported in Table V were carried out with NCS animals. As pointed out earlier 
the "disease-free" state of the NCS mice is accompanied by a  much simpler 
bacterial flora (1) and is associated with a greater ability to fare well on deficient 
diets (2). 
In all experiments so far carried out with NCS animals, diets which resulted 
in an increase in the numbers of viable lactobacilli (especially of the rhizoid 
type) in the stools, also rendered the animals more resistant to experimental 
infections with Staphylococcus  aureus  and Klebsiella pneumonia.  However, it 
has not been possible so far to establish a direct causal relationship between the 
fecal flora of individual mice and  their resistance to infection. A few animals 
which yielded large numbers of lactobacilli in their stools, including those of the 
rhizoid type, nevertheless died  of the experimental infections and vice versa. 1168  DIE% INTESTINAL FLORA, AND  RESISTANCE 
No experiment has yet been devised to determine  whether the association be- 
tween the fecal flora  and resistance to infection has  a general significance  or is 
merely fortuitous. 
6.  Diet  and  the  Intestinal  Flora  of NCS  Mice following  Administration  of 
TABLE V 
Diet and Resistance to Infedlon in NCS  Mice 
Exp. No.  Diet 
129  D  & G 
15C 
130  D & G 
15C 
15G 
129  D  & G 
15C 
151  D &G 
O.G. 
15C 
137  D &G 
15C 
117  D &G 
15C 
129  D &G 
15C 
15G 
Time on diet  Caging* 
10 days  Individual 
10  "  " 
10 days  Individual 
10  "  " 
10  "  " 
2 wks.  Grouped 
2  "  " 
2 wks.  Grouped 
2  t¢  ¢¢ 
2  "  " 
2 wks.  Individual 
2  ~g  ¢¢ 
5 wks.  Grouped 
9 wks.  Individual 
9  "  " 
9  "  " 
Veigh 
hangc i 
3.2 
3.9 
2.8 
4.6 
4.7 
3.5 
2.8 
1.4 
7.3 
4.0 
2.4 
3.8 
Deaths following  infection  with: 
~aph. aureus  Ks. pneumoniae 
1/5 
8/lO 
0/5 
lO/lO 
5/5 
2/lO 
8/lO 
2/9  2/8 
S/lO  2/8 
10/10  6/8 
1/15 
8/15 
O/lO 
6/lO 
3/10 
lO/lO 
9/10 
* Mice kept either in individual cages on wire grids, or grouped in 5 to 25 on wood shavings 
as litter. 
$ Average weight gain in gm per mouse. 
Endotoxin.--In all the tests of susceptibility to the  lethal effects of  endotoxin 
reported in the preceding and  earlier studies (1), the  mice had been fed either 
D  &  G  or other commercial pellets throughout the experiment. As mentioned 
earlier, none of the NCS animals died. In contrast, some of these fed the casein 
diet  (15C)  have occasionally proven susceptible to  the lethal  effect  of  large 
doses of endotoxin (350 ~g). The results of the following experiment reveal that 
administration of  endotoxin also brought about a  dramatic alteration in the 
fecal flora of NCS mice. R.  J.  DI/BOS  AND  R.  W.  SCHAEDLER  1169 
Male  NCS mice were fed either D & G pellets  or casein diet (15C). They were thus maintained 
for a period of 2 months, 5 per cage, on a litter of wood shavings. Fecal cultures were taken 
on the morning prior to administration (by the intraperitoneal route) of 350 #g of endotoxin, 
and then again 2, 3, 6, and 13 days later (Table VI). 
In conformity with earlier findings, there were no deaths following endotoxin 
treatment among mice fed the D  &  G  diet, even  though they had been kept 
for longer than 2 months in a  general animal room. However, 4 mice died out 
of the 10 which had been fed the casein diet. Moreover, some of the surviving 
TABLE VI 
Effect of Diet on the Fecal Flora of NCS Mice following  Endotoxin Treatment 
Diet* 
15C 
D&G 
Days  after 
endotoxin* 
0 
2 
3 
6 
13 
0 
2 
3 
6 
13 
Lactobacilli 
Rhiz  Others 
o§  50§ 
0  90 
0  30 
0  40 
0  100 
1000  500 
800  900 
2OOO  4OO 
1200  1000 
1000  1200 
Enterococci 
0.6§ 
40 
8 
1 
5 
0.8 
1 
1 
0.5 
2.0 
SLF$ 
0.2§ 
>I00 
>I00 
30 
4O 
0.05 
0.4 
0.6 
0.2 
0.2 
* All animals were maintained for 2 months on their respective diets. They then received 
350/zg of endotoxin on day 0 after initial stool cultures had been taken. All the mice fed 
D  & G pellets survived. 4 out of 10 mice fed the 15C diet died within 6 days. 
Coliforms, slow lactose fermenters. 
§ Figures multiplied by 3 ×  106 give number of colonies recovered per gm of stool. 
animals in this group were so ill for 4 days after treatment that no fecal speci- 
mens could be obtained from them. As can be seen in Table VI, the fecal speci- 
mens  that  were  obtained  revealed  an  enormous  increase  in  the  numbers  of 
enterococci  and  coliform  bacilli.  In  contrast,  the  change  in  intestinal  flora 
was much less pronounced in the animals fed the D  &  G  pellets. And surpris- 
ingly enough,  no  change  at all could be detected in  the lactobaclllus flora of 
either one of the two groups. 
It is of interest that among mice fed the casein diet the 4  deaths occurred 
2, 3, 4, and 6 days after administration of 350 #g of endotoxin. As the numbers of 
enterococci and coliform bacilli in the intestine reached a very high level on the 
second  day after  treatment,  one  may  wonder  whether  some  at  least  of  the 1170  DIET, INTESTINAL  FLORA~ AND RESISTANCE 
pathological effects of endotoxin are not related to multiplication of endogenous 
organisms. 
7.  The Effect of Diet on the Fecal Flora of CFW Mice.--As shown in the pre- 
ceding paper,  the fecal flora of CFW mice differs from that of NCS mice by 
consistently yielding much larger numbers of enterococci and  Gram-negative 
bacilli.  Table VII gives the results of one of the two experiments carried out so 
far to test the effect of diet on CFW mice. It is seen that in mice fed the casein 
diet (15C)  the differences in numbers of Gram-negative bacilli and especially of 
enterococci became progressively larger than what it was in mice fed the D  & 
TABLE VII 
Effect of Diet on Fecal Flora of CFW Mice* 
Diet 
D&G 
15C 
D& 
2 
6 
8 
13 
2 
6 
8 
13 
Weight gain 
5.0 
3.5 
Lactobacilli~ 
Rhiz  Others 
70  200 
50  200 
30  200 
90  300 
30  200 
2  200 
0  200 
0  100 
Enterococci~ 
10 
100 
120 
30 
Gr~nl- 
negative~ 
200 
100 
50 
30 
300 
200 
100 
30 
*Malennce, approximately 6weeks old at the beginning of the experiment, in individual 
cages. 
Figures multiplied by 3 X l0  s give numbers of colonies recovered per gmof stool (aver- 
age for 10mice). 
G  pellets.  As expected  the  rhizoid  type  of lactobacilli  disappeared  within  1 
week on the casein diet but it took somewhat longer for the decrease in other 
types of lactobacilli to become evident under the same conditions. 
The findings described in the present paper have an obvious bearing on the 
results of many earlier studies of (a)  the effect of the nutritional state on the 
intestinal flora; (b)  the contribution of this flora to toxemia and to nutrition; 
(c)  the  enhancement  of  susceptibility  to  infection  which  commonly follows 
administration  of  antibacterial  drugs  to  man  and  to  experimental  animals. 
However, the large literature on these topics will not be reviewed at this time 
because  knowledge is  still  too  episodic  to  permit  a  useful  discussion  of  the 
manner in which our findings are related to those of earlier authors. 
S~RY 
A study was made of the effect of certain dietary regimens on the lactobacillus 
flora in the stools of mice and on their resistance to infection. R.  J.  DUBOS  AND  R.  W.  SCHAEDLER  1171 
Semi-synthetic diets with purified casein or wheat gluten as sole source of 
protein, gave rise to much smaller numbers of viable lactobacilli in the stools 
than did other diets containing unidentified natural products--as present for 
example in mixtures of whole wheat and whole milk, or in certain commercial 
pellets.  Furthermore, one of the lactobacillus types with rhizoid morphology 
disappeared completely from the stools of animals fed the semi-synthetic diet. 
The change in  the  lactobacillus flora became apparent within  a  very few 
days after the animals had been shifted from the complex to the synthetic diet 
Moreover, this change was not completely reversible.  Whereas the total num- 
bers  of lactobacilli  increased when  the  animals  were  shifted  back  from  the 
synthetic to the complex diets, the rhizoid lactobacilli which had disappeared 
completely from the stools reappeared only slowly or not at all. 
In  twelve consecutive experiments the  three  diets  which  gave  rise  to  the 
large numbers of lactobacilli in the stools also conferred on the mice a  much 
higher  resistance  to  experimental  infection  with  Staphylococcus  aureus  and 
Ktebsiella  pneumoniae,  than  did  the  semi-synthetic  diets.  However,  direct 
evidence has not yet been obtained  that  the  two kinds  of phenomena  were 
causally related. 
Following  administration  of  endotoxin there  was  a  rapid  and  very large 
increase in the numbers of enterococci and coliform bacilli in mice fed the semi- 
synthetic casein diet, but not in those fed the pellets. 
In  two preliminary experiments carried out  with  another colony of mice, 
not pathogen-free, it was also found that the rhizoid type of lactobacilli disap- 
peared from animals fed the semi-synthetic casein diet while enterococci and 
coliform bacilli progressively increased  in numbers under the same conditions. 
The dietary effects on the lactobaciUus flora, and on resistance to experi- 
mental infection, were equally pronounced whether the mice were housed in 
individual cages on wire grids, or grouped in larger cages with wood shavings 
as litter. This was true even if the bedding was changed only once weekly and 
became therefore grossly soiled. 
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FIG. 1. Stool cultures of 5 individual mice fed D  & G pellets. 
FIc. 2. Stool cultures of 5 individual mice fed synthetic diet 15C. 
0.2 gm of stool was homogenized in 4 ml of charcoal water, diluted 1000-fold, and a 
loopful of  this dilution streaked on the surface of  the  tween~)leic acid medium de- 
scribed in reference  (1). 
Notice the large number of lactobacillus colonies, many of them of the rhizoid type, 
yielded by the stools of mice fed the D  & G diet. 
Animals fed the 15 per cent casein semi-synthetic diet yielded a smaller number of 
lactobacilli and the rhizoid type was absent. THE  ~OIIRNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  115  PLATE 124 
(Dubos and Schaedler: Diet, intestinal flora, and resistance) PLATE 125 
FIG. 3. A magnified (×20)  view of a streaked agar surface of tween-oleic acid me- 
dium showing the rhizoid, compact, and intermediate colonies of lactobacilli recovered 
from stools of animals fed D  & G diet. 
FIO. 4. A similar field of an agar surface inoculated with stools of animals  fed  15C 
diet. Note the absence of rhizoid colonies. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  115  PLATE  125 
(Dubos and Schaedler: Diet, intestinal flora, and resistance) 